The first phytochemical investigation of Friesodielsia desmoides leaves and twigs led to the isolation and identification of three new hybrid flavan-flavanones, friesodielsones A-C (1-3), together with 18 known compounds (4-21). The structures of compounds 1-3 were elucidated through intensive analysis of spectroscopic data and their absolute configurations at C-2 and C-4 were determined by a combination of 1 H NMR and CD spectroscopy. The configuration at C-2 00 is tentatively assigned as 2 00 S based on biosynthesis considerations. Compounds 2 and 15 significantly inhibited NO production with IC 50 values of 10.21 AE 0.074 and 7.56 AE 0.087 mM, respectively, whereas compounds 11 (IC 50 ¼ 28.14 AE 0.024 mM) and 12 (IC 50 ¼ 37.21 AE 0.017 mM) were moderate inhibitors.
Introduction
Friesodielsia is a small genus belonging to the Annonaceae family which is distributed in Africa and Asia. Five species, including F. desmoides, F. fornicata, F. discolor, F. lipes, and F. kingii, are found in Thailand. 1 Many types of secondary metabolites are produced from this genus including avo-noids, 1,2 chalcones, 1,3 alkaloids, 3 benzyl benzoate derivatives 2 and sesquiterpenes. 2 Some of these compounds show interesting biological properties, such as antiplasmodial 1, 3 and cytotoxicity activities.
1,3 F. desmoides (Craib) Steenis ( Fig. 1 ) is a small tree or shrub that is grown as an ornamental plant in Thailand. This plant has two synonymous names, Goniothalamus desmoides Craib and Oxymitra desmoides. To the best of our knowledge, this is the rst report of phytochemical investigations of this plant. Three new hybrid avan-avanones (1-3) along with 18 known compounds (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (Fig. 2) were isolated and identied from F. desmoides leaves and twigs that were collected from Mae Fah Luang University Health Park, Chiang Rai Province, Thailand. Most of the isolated compounds were evaluated for their NO inhibitory activities.
Results and discussion
The crude extracts of F. desmoides leaves and twigs were separated by column chromatography using various stationary phases to yield three new hybrid avan-avanones, friesodielsones A-C (1-3), along with 18 known compounds (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) . The known compounds were identied as desmosavan A (4), 4 desmosavan B (5), 4 (2S)-8-formyl-5,7-dihydroxyavanone (6), 1 alpinetin (7), 5 pinocembrin (8), 5 5,6,7-trihydroxy-avanone (9), 6 5,6-dihydroxy-7-methoxy-avanone (10), C spectroscopic data of 2 are summarized in Table 1 . The CD spectrum of 2 ( this C-4/C-8 00 linkage (Fig. 3) . The absolute conguration at C-4 of 3 was determined by comparison of its CD spectrum with that of compounds 1 and 2. The absolute conguration at C-4 of 3 was the same as that of 1 and 2 from the positive Cotton effect seen in its CD spectrum (Fig. 4) at l 224 nm, which was similar to those of compounds 1 and 2. Therefore, friesodielsone C was assigned the structure 3. Hybrid biavonoids comprising a linked avan and ava-none units are rarely found as natural products.
16,20-23 Biosynthetically, compounds 1-3 could be derived from compound 6 (Scheme 1) via reduction of the C-4 carbonyl group and then formation of the para-quinone methide 6-2 by dehydration.
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Intermediate 6-2 could couple with compound 8 at C-4/C-6 to provide compound 3 (via pathway B) and at C-4/C-6 to produce compounds 1 and 2 (via pathway A). The latter compound obtained from 1 via methylation at C-6 000 . Similarly, the biosynthetic pathway to compounds 4 and 5 could be derived from the coupling of compounds 6-2 and 11 (Scheme 1). The isolation of compounds 6, 8 and 11 in this study supports this biosynthetic hypothesis. The absolute conguration tentatively assigned as 2 00 S at C-2 00 in compounds 1-3 is based on this biosynthetic hypothesis. Most of the isolated compounds were evaluated for their NO inhibitory activities in J774.A1 macrophage cells. Compounds 2 and 15 signicantly exhibited NO production with IC 50 values of 10.21 AE 0.074 and 7.56 AE 0.087 mM, respectively, whereas compounds 11 (IC 50 ¼ 28.14 AE 0.024 mM) and 12 (IC 50 ¼ 37.21 AE 0.017 mM) were more moderate inhibitors (Table 2) . Signi-cantly, the active compounds, 2, 11, 12 and 15, did not show cytotoxicity at 10 mM against J774.A1 cells (Table 2) .
Conclusion
Friesodielsia is a small genus in the Annonaceae family. To the best of our knowledge, only three species have been investigated phytochemically and the major compounds are avonoids.
1-3
However, a few chalcones, 1,3 alkaloids, 3 benzyl benzoate derivatives 2 and sesquiterpenes 2 were also been found. In this study, 21 compounds were isolated and identied including three new unique hybrid avan-avones (1-3), two hybrid avan-chalcones (4 and 5), nine avonoids (6-10, 13-15, 17) , three The circular dichroism (CD) spectra were measured on a JASCO J-815 apparatus. The IR spectra were recorded using a PerkinElmer FTS FT-IR spectrometer. The NMR spectra were recorded using a 400 MHz Bruker AM 400 spectrometer in acetone-d 6 with TMS as an internal standard. The HRESIMS were obtained on a Bruker microTOF mass spectrometer. Silica gel C 60 (0-20 mm, SiliCycle® Inc.) and silica gel G60 (60-200 mm, SiliCycle® Inc.) were used to perform quick column chromatography (QCC) and column chromatography (CC), respectively. Analytical thin-layer chromatography (TLC) was performed with the precoated plates of silica gel 60 F 254 . The macrophage J774.A1 cells were purchased from CLS (Cell Line Service, Germany).
Plant material
The twigs and leaves of F. desmoides were collected in August 2015 from an authentically identied plant growing at Mae Fah Luang University Health Park, Chiang Rai Province, Thailand. The plant specimen (no. MFU-NPR0102) was deposited at the Natural Products Research Laboratory, School of Science, Mae Fah Luang University.
Extraction and isolation
Air-dried leaves of F. desmoides (564.3 g) were extracted with EtOAc (5 L) over a period of 3 days at room temperature. Removal of the solvent provided the crude EtOAc extract (49.42 g), which was subjected to QCC over silica gel, eluting with a gradient of hexanes-EtOAc (100% hexanes to 100% EtOAc) to give compound 6 (5.2 mg), 14 (6.5 mg) and nine fractions (A-I). Fractions C (1.59 g) was further separated by CC (100% DCM) to give compounds 9 (17.1 mg) and 10 (6.3 mg). Fraction D (2.38 g) was subjected to CC using reverse phase silica gel 
Nitric oxide production inhibitory assay
The effects of the isolated compounds on nitric oxide production in murine macrophage J774.A1 cells (Cell Line Service, Germany) in supernatant were determined using the previously reported method. 22 In brief, J774.A1 cells were added in 96-well plate with 5 Â 10 5 cells per well and incubated for 1 h at 37 C and 5% CO 2 . Aer that, cells were treated with various concentrations of sample or vehicle (DMSO) for 2 h, followed by LPS 10 mg mL À1 . Aer 18 h incubation, NO production in the culture medium was determined using the Griess reagent (1% sulfanilamide in 5% phosphoric acid and 0.1% naphthylethylenediamine dihydrochloride in distilled water) for 10 min and the absorbance was measured at 540 nm. Indomethacin was used as a positive control.
Cell viability assay
The measurement of cell viability of the tested compounds was performed using the 3-[4,5-dimethylthiazol-2-yl-2,5-diphenyltetrazolium] bromide (MTT) assay against unstimulated J774.A1 cells. 25 Briey, 10 mL of fresh MTT solution (5 mg mL À1 in saline) was added to each well, incubated at 37 C in CO 2 for 3 h. The media was discarded and DMSO was added to dissolve the formazan crystals and the absorbance value at 540 nm was measured. The percentages of cell survival were calculated from the absorbance value of the tested compounds and control (LPS) using the equation below.
% cell viability ¼ Abs sample Abs LPS Â 100
